Introduction
The phenomenon of delayed implantation in mink was first documented by Hansson (1940) . Sub¬ sequent work (Hansson, 1947) confirmed that embryonic diapause and luteal quiescence character¬ ized the interval between the arrival of the embryos in the uterus and their consequent attachment and invasion of the uterine stroma. Within the past 10 years considerable advance has been made in the understanding of the endocrine control of delayed implantation in mustelids, including the mink (reviewed by Sundqvist et ai, 1988 Sundqvist et ai, , 1989 Murphy, 1989) . In mink, the triggering, but not obligate, stimulus for the induction of implantation is the lengthening of the photoperiod associated with the vernal equinox (Murphy & James, 1974) . Prolactin is the hypophysial product responsible for the initiation of the reactivation of the corpus luteum (CL) and the consequent attachment of the embryo (Papke et ai, 1980; Martinet et ai, 1980; Murphy et ai, 1981) . The CL secretes progesterone and other factor(s) essential for embryo implantation (Murphy et ai, 1983) .
The involvement of photoperiod in the termination of delayed implantation implies a role for the pineal hormone melatonin (Ravault et ai, 1986) , which has been shown to regulate other lightmediated reproductive events in mammals (reviewed by Ortavant et ai, 1985) . Pineal denervation during embryonic diapause in mink (Murphy & James, 1974; Martinet et ai, 1983 Martinet et ai, , 1985 and the spotted skunk (May & Mead, 1986) has been shown to alter the course of gestation and the pattern of secretion of prolactin and progesterone. Duby et al. (1972) first showed that administration of exogenous melatonin during gestation lengthened embryonic diapause and prevented embryo implantation. Studies by Martinet et ai (1983) demonstrated that injection of 100 pg melatonin abrogated the increases in circulating concentrations of prolactin and progesterone and prevented implantation in mink.
Chronic treatment of mink with an implant impregnated with melatonin has been used to induce precocious winter moult (Rose et ai, 1984 (Rose et ai, , 1987 . The cellular basis for its effect is unknown, but may occur by suppression of prolactin secretion (Rose et ai, 1985) . As acute treat¬ ment with melatonin prevents implantation (Martinet et ai, 1983) (Murphy & James, 1974) . In the absence of uterine enlargements, the individual horns were flushed with TCI99 medium (Gibco, Grand Island, NY, USA) and the flushings examined for the presence of unimplanted embryos. Ovaries from all non-pregnant animals were subjected to histological processing to confirm that ovulation had taken place.
In the first experiment, a group of 7 prepubertal (8-10 weeks of age) female mink received Silastic implants containing 5 mg crystalline melatonin (Wildlife Laboratories, Fort Collins, CO, USA) on 14 July of the year pre¬ ceding the breeding season of the study. An untreated group of 7 prepubertal mink served as controls. In the second experiment, 5 mink received a 5 mg melatonin implant 1-3 days after the second of 2 matings, and a group of 5 untreated mink served as contemporary controls. In the third experiment, a group of 6 animals received Alzet miniosmotic pumps (Alzet, Palo Alto, CA, USA) which delivered sheep prolactin (NIH-AFP-8277E) at a rate of 0-5 mg/ day over 4 weeks. A second group of 6 animals in the same experiment was treated with 5 mg melatonin implants and prolactin infusion of 0-5 mg prolactin/day as described above. Prolactin treatment began on 20 March, 2-4 days after the second of 2 matings. A further 6 animals served as the control group. All mink treated during the breeding season were approximately 10 months of age and primiparous.
Radioimmunoassays
Prolactin. A double-antibody RIA in which purified dog prolactin (AFP-2451B) and antiserum against dog prolactin (AFP-16111778), both kindly donated by Dr A. F. Parlow, was used. The specificity was established by validation studies using mink pituitary extract and mink serum which resulted in parallel displacement of ' 25I-labelled dog prolactin. Sheep prolactin cross-reacts in this assay in a non-parallel manner (A. F. Parlow, personal communi¬ cation). The intra-assay coefficient of variation, calculated between duplicates of 0-39-100 ng dog prolactin/tube, ranged from 2-1 to 9-5% and the interassay coefficient of variation of one sample assayed at 24 ng/ml in 4 assays was 33-7%.
Progesterone. Progesterone was assayed in 0-1 ml serum samples following hexane extraction and a polyclonal antibody against progesterone (NCR-R10, provided by Dr . C. Rawlings) and 125I-labelled progesterone (Amersham, Montreal, PQ, Canada) were used. Validation has previously been reported (Rajkumar et a!, 1985 (Sokol & Rohlf, 1985) .
Results
Effects of chronic melatonin on endocrine and reproductive events The incidence of pregnancy in the two control groups, as indicated by the presence of implanted embryos in the uteri of 10 animals and the presence of unimplanted blastocysts in 1 female, was 11 /12 (92%). The mean ( + s.e.m.) number of embryos per female with uterine swellings was 7-4 + 0-8. It was determined from measurements of uterine swellings and observations of embryos that the mean ( ± s.e.m.) interval between copulation and implantation was 19-5 + 0-2 days and the average date of implantation was 3 April. There was no indication of embryo implantation in any of the mink in the two groups treated with melatonin alone. No embryos were recovered from the uterine flushings of any of these animals. Histological examination of the ovaries of all of the melatonintreated animals revealed that ovulation had occurred, as indicated by the presence of small corpora lutea characteristic of the delay phase of gestation (Hansson, 1947) .
Chronic treatment of mink with melatonin implants from July of the previous year or from a few days after the second mating (data not shown) prevented the expected rise in prolactin which occurred late in March in the control animals ( Fig. 1 ). There was a consequent absence of reactivation of the CL following both short-and long-term treatment with melatonin as indicated by the size of the CL ( < 1 0 mm in diameter) in the ovaries and the absence of the expected increase in circulating progesterone (Fig. 2b) (Fig. 2a) and of melatonin only-treated animals (Fig. 2b) Uterine swellings were present in 83% (5/6) of the mink treated with prolactin only. The mean number of uterine swellings per female was 6-2 ± 1-3. Prolactin overcame the inhibitory effects of chronic melatonin treatment, as evidenced by implanted embryos in 5/6 of the mink bearing melatonin implants that were subsequently treated with prolactin. The mean number of uterine swellings was 5-4 + 1-4. No embryos were recovered from the single mink in either group in which no implantation sites were present. There was no statistical difference in the numbers of embryos implanted between control and treated mink. In both of the prolactin-treated groups, the uterine swellings were spaced more closely in some animals and were oblong rather than characteristically round as found in the control animals. Consequent gross and histological examination indicated (Martinet et ai, 1983) and progesterone (Murphy & Moger, 1977) did not occur in animals that had been treated with melatonin either for a period of 8 months before the breeding season or after the second mating. No embryos implanted in these animals, and none could be recovered by flushing of the uteri. The results of the present study confirm the reports of others which have shown that injection of melatonin interfered with prolactin (Martinet et ai, 1983 (Martinet et ai, , 1985 and progesterone (Duby et ai, 1972) secretion.
An influence of photoperiod has been demonstrated on both the onset of progesterone secretion (Allais & Martinet, 1978) and the occurrence of embryo implantation in mink (Murphy & James, 1974) . Melatonin is accepted as the principal mediator of photoperiodic events, and higher concen¬ trations and longer periods of secretion are associated with short days in mammals. Denervation of the pineal gland, the source of melatonin in mammals, eliminates the synchronizing influence of photoperiod on delayed implantation in mink (Martinet et ai, 1985) . Taken together, published reports and the results of the present investigation are consistent with the view that photoperiod and the pineal modulate the length of preimplantation delay in mink by melatonin secretion. This study addressed the mechanism(s) by which melatonin exerts its regulatory effects on delayed implantation. It had been previously shown that injection of exogenous bovine prolactin to intact (Martinet et ai, 1980; Papke et ai, 1980) 
